from 320 to 120 nm cover drive or SAW frequencies from 9 to 48 GHz when using the fundamental resonance and second harmonic (Error! Bookmark not defined.). Here, the sound velocity v sound in GaAs equals 2850 m/s. Hence, these transducers allow to transfer momenta up to k SAW = 10.4 ⋅10 7 /m.
A second high frequency source is responsible for triggering excitations at the frequency f exc in the central part of the sample. This radiation can couple to the non-zero wavevector defined by the surface acoustic wave which propagates across. This high frequency signal is inserted into the cryostat with a second semi-rigid coaxial cable. The coax is connected to the second coplanar waveguide. The central conductor of the CPW is bonded to one electrode of the remaining transducer (electrode 4), while the ground planes of the CPW share the ground with electrode 1 of the transducer responsible for launching SAWs. Electrode 1 and 4 then build a dipole antenna. It irradiates the active region of the sample. The frequency f exc can be swept continuously. The increased attenuation in the coaxial cable at higher frequencies can easily be compensated for so as to maintain an approximately constant power incident on the sample.
Optical detection of resonant absorption
An important ingredient of our measurement technique is the optical detection of resonant absorption. When the incident photon energy hf exc is equal to the energy of the excitation under study at wave number k SAW , E exc (k SAW ), radiation will be absorbed. It causes heating of the 2D electron system. As a result of the increased electron temperature, a redistribution of charge carriers takes place within the many particle density of states. The redistribution leaves a clear signature in the luminescence spectrum. It is best brought out by building a differential spectrum from spectra recorded in the absence and presence of the radiation f exc . By integrating the absolute value of the differential spectrum across the entire spectral range a single quantity is obtained which serves as a measure of the absorption strength. Luminescence data are recorded in the setup shown in Fig. 1 with a CCD camera, a double grating spectrometer with a spectral resolution of 30 µeV and a laser operating at a wavelength of 780 nm to excite the 2DES
with 5-15 µW of cw power. The laser light is guided to the sample with a glass fiber. The same fiber also collects the light emitted by the sample. This technique offers preeminent sensitivity as attested by our ability to observe the electron cyclotron resonance at microwave levels below 10 nW.
S2 Supporting text and figures:

Magnetoplasmon excitations and the wave vector assignment
To verify that the SAWs predominantly trigger excitations at the wave vector of magnitude SAW k , control experiments were carried out involving the well-known plasmon excitations of the 2DES at zero and small magnetic fields. The 2D-plasmon frequency at zero magnetic field possesses a dispersion of the form
. Here, n s and m are the electron density and effective mass, k is the wave-vector, and ε 0 and ε(k) are the permittivities of vacuum and of the surrounding medium. If the electron density is known by other means, it is possible to determine the relevant wave vector from the plasmon frequency.
The experimental arrangement and sample geometry (width W = 0.1 mm) are identical as for the roton experiments. In order to obtain plasmon frequencies that are within our experimental capabilities, a sample with a transducer periodicity p SAW of 12 µm was fabricated. In Fig. S1 we plot the magnetic field dependence of the resonant absorption features measured under SAW excitation. At small frequencies we observe the main geometrical magnetoplasmon resonance with a wave vector determined by the width of the device (S2-S4):
. This branch (red circles) starts from the plasma
GHz from which we deduce an electron density of -2 10 cm 10 9 3 × . .
It approaches the cyclotron frequency in the limit of high magnetic fields. Also observable is an additional resonance (blue circles) which approaches zero field at a plasma frequency of approximately 112 GHz (marked by a blue arrow). At higher magnetic fields this magnetoplasma mode strongly interacts with harmonics of the cyclotron resonance. The interaction results in the observation of the well-known
Bernstein modes (S5,S6) . We underline that in contrast to the low-frequency mode (red dots), which is always present in the experiment, the high-frequency mode appears only due to the SAW-excitation. Its intensity is much weaker and is proportional to the SAWpower. Since the electron density is known, it is possible to extract the wave-vector relevant for this plasmon using the above formula for p ω . We find k = 5200 cm -1 , which is nearly identical with
. It is also possible to detect plasma excitations at double the wave-vector
, which corresponds to a standing SAW. However, the intensity of this mode was more than one order of magnitude smaller in comparison with the intensity of the fundamental mode. One may raise the issue whether the surface acoustic waves aid only in transferring momentum or whether also the associated phonon energy is absorbed. The plasmon test case described above can not prove or disprove that the SAW phonon energy is absorbed as well. The phonon energy is simply too small to make a significant contribution to the observed plasmon resonance frequency. Doing these experiments for much larger values of k SAW (for instance comparable to the values in the roton experiments) does not provide a way out, because at large k SAW the frequency of plasma waves still remains several orders of magnitude larger than the SAW phonon energy. Moreover, the plasmon frequencies at these large values of k SAW would by far exceed the accessible microwave frequency range in our present experimental arrangement. An alternative test case is needed where this large mismatch between the phonon energy and the energy of the excitation under study does not exist. The electron spin resonance at filling factor ν = 1 fulfills this requirement.
Electron spin resonance and the SAW phonon energy
The dispersion of spin waves at filling factor 1 enables to demonstrate that there are other instances where the surface acoustic waves only impart their momentum, but do not contribute the phonon energy to the resonance. It appears that the surface acoustic waves are not absorbed, only the periodic modulation of the density, i.e. the dielectric constant, seems relevant similar to what one would accomplish when depositing a metallic grating on top of the surface. The experimental data on these spin waves is plotted in Fig. S2 .
The experiment proceeds in much the same way as the one described for roton studies, except that the optical luminescence is polarization resolved in order to be sensitive to the spin degree of freedom (S7). In the absence of SAWs, the measured electron spin resonance frequency is equal to the frequency of the spin wave at k=0. This frequency yields a g-factor of 0.41 close to the bare g-factor of GaAs. If the active region from which we probe luminescence is simultaneously excited by microwave radiation and surface acoustic waves, it is possible to detect an additional resonance line if we modulate either the power of the microwave radiation or the amplitude of the SAW excitation. We stress that this additional line is absent if either microwaves or SAWs are not present. The frequency shift of this additional resonance,
is attributed to the dispersion of spin waves and has been plotted in Fig. S2B . The frequency change of the spin wave due to a change in k can be higher but also lower than the frequency of the surface acoustic waves. The data point for an SAW frequency of 3 GHz (k = 0.65×10 7 /m) is located at 2 GHz away from the resonance frequency at k = 0.
This shows unambiguously that the SAW only defines the wave vector at which the excitation is observed. The SAW frequency does not contribute to the transition energy.
The transition energy is solely determined by the incident microwave radiation frequency. For the sake of completeness, we note that the measured quadratic dispersion of the spin wave at filling factor 1 yields an effective mass of the spin wave excitation equal to 0.2 m 0 . This value is about a factor of 2 smaller than expected from theory (S8,S9) . We conclude that these experimental data corroborate our interpretation of the roton data. There is no absorption of the SAWs. The only influence of the sound wave is a modulation of the electron density. At the same time, it remains to be understood why the influence of the SAWs is restricted to momentum transfer only. Figure S4 illustrates how the dispersion at fractional filling 3/7 changes with temperature and as one moves away from the quantized Hall state. At 300 mK the roton features have largely vanished. They also disappear at filling factors where the system does not condense in a fractional quantum Hall state. 
Temperature and filling dependence of roton dispersion
Comparison between theory and experiment of roton mass, energy and wave-vector
The right panel of Table S1 shows the roton parameters such as energy, mass and wavevector of the minimum in dimensionless units as extracted from the experimental data Table S1 : Normalized values of the roton energy, the position of the observable roton minima and the inverse of the roton mass as determined in experiment (left) and Monte Carlo simulations (right).
